INTRODUCTION
Chemical geothermometers represent one method of estimating temperature conditions at depth in geothermal systems. However, geothermometer results are not valid unless reaction rates are sufficient to bring fluid and minerals in the confining rock to equilibruim at the temperature of the geothermal reservoir, At the same time, the water-mineral reactions must be sluggish enough so as not to re-equilibrate as the fluids move to the surface or to the point at which the sample was collected. Concentrations of elements used for geothermometers should be high enough for equilibruim processes to be valid (Ellis and Mahon,
1977).
Geothermometer results should always be evaluated with respect to geology, hydrology and chemical properties of the fluids. Variation between the geothermometers for the same sample may reflect different chemical species equilibrating at different points in the geothermal system (Fournier, 1981) .
Mixing of geothermal fluids with other subsurface water can radically modify the chemistry. Geothermometer results should therefore be used with care, and the limitations and strengths of each should be fully understood.
The FORTRAN program given here calculates geothermometer values using silica, sodium, potassium and calcium from the results of chemical analyses of geothermal waters. In the case of the Na-K-Ca geothermometer, a correction is available using magnesium. This operation is described in Fournier and Potter (1978) .
This program was specifically designed to be used with data from the GEOTHERM Sample file. The portions of the program that deal with the peculiarities of the GEOTHERM format are explained and a modified version of the program, suitable for use with more generalized data, is given. This paper documents the program so that it can be used by those with a rudimentary understanding of FORTRAN.
BACKGROUND OF PROGRAM
The geothermometer program was developed in order to facilitate the U. S. Geological Survey's assessment of low-temperature geothermal resources of the United States. The source of input data for the program is the Sample File.
This program requires input data and generates some output which may or may not be necessary for general applications. In addition to the chemical constituents used to calculate the geothermometers, the input and output include the GEOTHERM record number; the temperature of the sample; the name of the sample source; the state, county, township, and range in which the source is located; the depth if the source is a well; pH; total dissolved solids; and the flow rate.
The program calculates the total dissolved solids, the silica and the cation geothermometers and calculates and applies a magnesium correction when appropriate, The equations used in the program are taken from Fournier (1977) log(Na/K)+B*log((sqrt Ca)/Na)+2.24
Where Bis 1/3 and 4/3 for T13 and T43 respectively. All concentrations are in molality and results are given in degrees C.
A correction is made to the NA-K-CA geothermometers for the Mg content Where R = 100 x MGE/(MGE+CAE+KE) MGE = Mg/molecular weight Mg CAE = Ca/(molecular weight Ca/2) KE = K/molecular weight K TKb = Na-K-CA(l/3) or Na-K-Ca(4/3) temperature in Kelvin for b equal to 1/3 or 4/3 respectively
The equation used for calculation of total dissolved solids is given below: 
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Figure Ib. The word 'NONE 1 appearing below 'MG CORRECTED 1 indicates that either the magnesium correction producded a negative value or the ratio 1 of Mg/Mg+Ca+K was less than 0.5. Whenever a geothermometer can not be calculated, either because a critical solute was not present in the analysis or one of the solutes is qualified, zero (0.0) will be printed in the output for that geothermometer.
PROGRAM EXPLANATION
The program consists of three loops. The first reads the input and stores it in arrays. The second loop carries out the necessary computations on all input records and the third writes the output. The program can handle up to 1000 records, however, this amount can easily be increased or decreased by changing the dimension of the arrays. If the program is to be used on substantially fewer than 1000 input records it would be advisable to decrease the dimension so that large amounts of unused core space would not be allocated.
In order to calculate geothermometers, the minimum input requirements of the program are Si02, Na, K, and Ca. Mg concentration is needed if that correction is used. Other input variables are not necessary for the calculations and were included to fill the needs of the low-temperature assessment work. Some or all these input variables may be eliminated from the program or not entered as input without affecting of the geothermometer calculations. However, some factors such as pH are very useful for evaluating the validity of the results.
For example, the silica geothermometers are not valid for pH greater than 8.5.
DEFINITION OF VARIABLES
Input Variables NUM -GEOTHERM record number. 'I 1 format, maximum length = 7 NAME1, NAME2, NAME3, NAME4, NAME5 -Name of sample source, that is the name of the spring or well from which the sample was taken. The NAME variables are read using an 'A 1 format, therefore any alphanumeric character is an acceptable value for the variables and, taken together, can handle a name up to 40 characters in length. (job name) (acct. num) ^rer name ) (class in descending proirity may be H,A,B,C,D,E,F) 
